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a b s t r a c t
Aim: Abdominal aortic aneurysm rupture (AAA) threatens a patient's life, requiring an
urgent open repair or endovascular surgery. If an asymptomatic AAA is found before a rupture
the next steps are directed by its diameter – if it is less than 55 mm the patient is dispensarized,
and if it is more a repair is indicated. According to literary sources 10–24% of ruptured AAA are
less than 55 mm in diameter, thus a signiﬁcant portion of dispensarized patients are threat-
ened by a rupture. The objective of our study was to determine a portion of small ruptured AAA
repaired in our center in the last four years and try to identify potential risk factor. The
secondary goal was to show our experience with a modern method of rupture prediction, using
CT scans to compute the wall stress of AAA and thus predict its rupture risk.
Methods: A retrospective study of documentation of patients with ruptured AAA in last four
years. CT ﬁndings were used to measure maximal diameter of ruptured AAA and portion of
small AAA was determined. Some other important information from patient's medical
history were also compared in both groups and statistically evaluated.
Results: 41 patients underwent an open repair of ruptured AAA. Out of this number 7
ruptured AAA were small, which is equivalent to 17.1%.
Conclusion: This ﬁnding shows us the shortages of the present indication criteria based on an
AAA diameter. In accordance to these criteria patients with small AAA are dispensarized and
thus a signiﬁcant part of them are in risk of rupture.
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Ruptured abdominal aortic aneurysm is one of the most
challenging urgent situations in vascular surgery, directly
threatening a patient's life, and even after a successful
operative intervention, it still carries a high mortality and
high perioperative morbidity rate [1]. Since the AAA is often
asymptomatic and does not cause the patient any subjective
problems, in a lot of cases the rupture is unfortunately the ﬁrst
sign of AAA and needs urgent action (Fig. 1). It is a controversial
question whether to repair (either by an open repair or
endovascular repair) an unruptured AAA in case of a patient
with AAA diagnosed as an accidental discovery during a
different diagnostic procedure. According to current guide-
lines [2] the threshold for elective repair of an asymptomatic
AAA is its maximal diameter bigger than 5.5 cm (measured in
CT ﬁndings). Regardless of the guidelines, there is a large
number of research showing that a considerable portion of
ruptured AAA (10–24%) [3–5] is less than 5.5 cm in diameter
(small ruptured AAA). This means that even dispensarized
patients with a small AAA are in danger of a life-threatening
rupture, even though they do not meet the criteria for AAA
repair (Fig. 2). On the contrary, there are some studies showing
that a signiﬁcant part of AAA with diameter far bigger than
5.5 cm (large AAA) never rupture [6] and the AAA was found
during the autopsy of the patient's death from another cause
[7]. The aim of this paper is the retrospective study of patients
with ruptured AAA, who underwent an urgent repair in our
center between the years 2009 and 2012. The main goal was to
determine the percentage of patients with ruptured small AAA
(with a diameter less than 5.5 cm or borderline – thus which
would be indicated for dispensarization) and compare mor-
tality of patients with a small and large ruptured AAA. We alsoFig. 1 – Rupture of large AAA. Ruptured AAA with diameter
bigger than threshold for elective repair. Maximal diameter
is 122.8 mm. The rupture is marked with an arrow.try to identify potential risk factor for AAA rupture. Our second
goal was to share our experience with mathematical modeling
of AAA wall stress using CT ﬁndings and ﬁnite element
analysis and thus predict a rupture risk of our subject's small
AAA. Since several studies suggest this method to be superior
to maximal diameter criterion [8,9] therefore there is a good
chance that in the future such methods will be used to help
physicians to ﬁnd patients with small AAA with a high risk of
rupture. And on the contrary the same could prevent putting
borderline patients with severe comorbidities at risk of open or
endovascular repair, if the rupture risk would be assessed
lower than the risk of repair.
Materials and methods
This paper is based on the retrospective study arising from a
documentation of the patients of our center, intensive care
unit and extended care unit of our hospital. There were 49
patients (male n = 40, female n = 9) undergoing urgent repair of
ruptured AAA in the years 2009–2012. Eight patients did not
have the necessary CT angiographic ﬁndings of ruptured AAA
(the reason was either that the CT was performed in another
center and the ﬁndings are not available, or that the rupture
was conﬁrmed by another way and the state was so urgent
that it did not allow us to perform CT), thus these patients were
excluded from the study. Complete data including all CT
ﬁndings were available in 41 cases (male n = 32, female n = 9).
All patients with ruptured AAA were treated by an urgent open
resection of ruptured AAA. The CT angiographic ﬁndings of all
patients were evaluated using TomoCon 3.0 Viewer (TatraMed,
Bratislava, SK) and the maximal diameter of all ruptured AAAs
was measured. We also evaluated the documentation of all of
the patients for information of their survival during hospitali-
zation in our hospital or extended care department until the
time of the patient's discharge or death. After-discharge
mortality of our patients was not traced because we assumed
that after discharging the patient in stable condition, the risk
of death was the same as the risk of death of any other cause
[10]. The Fisher's exact test was used to statistically evaluate
the outcome. In addition we compared data from patients
medical history including information about hypertension,
COPD, diabetes mellitus, hyperlipidemia, ischemic heart and
lower limb disease. Then those data were statistically tested
(using non-parametric Mann–Whitney test) to reveal if there is
a relation between any of these conditions and diameter of
ruptured AAA. Finally, the portion of females, patients with
hypertension, ischemic heart disease or diabetes mellitus in
our group is signiﬁcantly different from groups of patient with
non-ruptured AAA (reference groups taken from studies
[11,12]). For this a one sample portion test was used.
Results
From the set of 41 patients there were 7 with small AAA at the
time of rupture (male n = 6, female n = 1), expressed as a
percentage of all of the patients with ruptured AAA this means
17.1%, and this outcome is corresponding to available literary
sources. From all of the patients with ruptured AAA there were 8
Fig. 2 – Rupture of small AAA. Ruptured AAA with diameter
lesser than threshold for elective repair. Maximal diameter
is 48.9 mm. The rupture is marked with an arrow.
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AAA less than 5.5 cm, in all of the other patients the rupture was
the ﬁrst expression of AAA presence. Average value of all
ruptured AAA diameter was 8.4 cm (median = 8.3 cm), range
was 44–138 mm. Average age of all patients with ruptured AAA
was 74.9 years (range 57–98 years). There was a difference
between the average ages of patients with ruptured AAA of
diameter less than 5.5 cm, which was 70.1 years, compared with
the average age of patients with ruptured AAA of diameter more
than 5.5 cm, which was 75.8 years. Overall mortality after urgent
repair of ruptured AAA during the hospitalization in our
hospital was 46.3% (n = 19). Although the comparison of
mortality of patients with a small ruptured AAA, which was
28.6% (n = 2), with mortality of patients with large ruptured AAA,
which was 50.0% (n = 17), indicated a signiﬁcant difference, after
statistical evaluation this was not conﬁrmed (p = 0.419).
The results after statistical processing of patients medical
history showed some interesting ﬁndings. Patients with
chronic obstructive pulmonary disease (COPD) had the
maximal diameter of their ruptured AAA signiﬁcantly bigger,
than was the diameter of patients without COPD (p = 0.047).
Majority of the patients with ruptured AAA had hypertension
(n = 38); thus it is obvious, that this disease is not only a risk
factor for development of AAA, but for its rupture as well
( p < 0.0001). There was no difference found in the diameter of
ruptured AAA between male and female (p = 0.487) patients,
but there was a difference between the ages of male and
female patients at the time of rupture, females lived to a higher
age before the rupture occurred ( p = 0.04). The case of diabetes
mellitus is more complicated; it was considered as a risk factor
for an AAA rupture when compared with the study of Powellet al. [11] ( p < 0.0001), but this was not conﬁrmed in
comparison with the study of Kent [12] (p = 0.103).
Discussion
The fundamental outcome of this study is, that 17.1% of
ruptured AAA treated in our center during the years 2009–2012
were small and if found before the rupture, these would be
indicated for dispensarization. This outcome corresponds to
available literature sources [2–4]. There is a signiﬁcant portion
of patients who would not meet the indication criteria for open
or endovascular repair of AAA and they would be indicated for
dispensarization even if the AAA had been found before
rupture. Thus they would be in danger of a life-threatening
rupture even if the AAA had been found in time. In our set of
patients, this situation occurred in 2 cases; the remaining 5
patients with ruptured AAA less than 5.5 cm in diameter were
never dispensarized and the rupture was the ﬁrst expression
of AAA presence. The second interesting outcome was the
difference between mortality of patients with small and large
ruptured AAA (50.0% of large ruptured AAA vs. 28.6% of small
ruptured AAA), but after statistical evaluation the difference
was approved statistically insigniﬁcant ( p = 0.419). The statis-
tical evaluation could be in a large measure affected by a small
number of patients in the study (death of a patient with a small
ruptured AAA occurred only in 2 cases). To validate the
statistical signiﬁcance of mortality within the two groups of
patients with ruptured AAA, it would be necessary to enlarge
the number of patients in both groups. Another difference
between patients with small and large ruptured AAA was
the average age of patients at the time of rupture. The average
age of patients with large ruptured AAA was over 75 years,
while the average age of patients with small ruptured AAA was
about 70 years. A simple explanation would be that the older
the patient is, the more time the AAA had to grow, thus the
bigger AAA corresponds to higher age of the patient.
Nevertheless this statement is misleading in many ways, it
does not take into consideration the different dynamics of
growth and wall stress of a particular AAA. And this statement
could be valid only if the AAA of all the patients appeared in
exactly the same age. Strictly speaking the only important
ﬁnding about the age of patients with ruptured AAA is that
both values of average age of patients with ruptured AAA are
more than 65 years, what is stated as the risk factor for
development of AAA in a common population [13].
Despite the previous text, there was one interesting ﬁnding
regarding the age of patients in our set, it was the comparison
of age between the genders at the time of rupture. Females
live up to a higher age till the rupture of AAA, than males do
(p = 0.04). This ﬁnding is in contradiction with available literary
sources, which are stating that the female gender is a risk
factor for the rupture of AAA [14,15]. There is also another
discrepancy of our ﬁnding compared with available literature,
it is the comparison of AAA diameter between genders. In
literary sources we can ﬁnd that ruptured female's AAA
diameter is signiﬁcantly lesser than the diameter of male's
AAA and thus female gender is a risk factor for rupture [14,16].
But our ﬁndings are, that there is no statistically signiﬁcant
difference between the diameters of ruptured AAA of males
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comparison with literary sources can be caused by the small
number of subjects (only 9 females in the set) in the study, or
by some other comorbidities. But the reason can also be that
the ﬁnding is valid for our population as there is really no
difference between the diameters of ruptured AAA between
the genders. Further evaluation will be needed.
In the case of COPD our ﬁndings support the hypothesis
that COPD is a protective condition, preventing or delaying the
rupture of AAA [17]. According to this study the stiffness and
strength of an AAA wall is elevated in patients with COPD,
therefore COPD acts as a protective condition. The paradox is
that the common cause of COPD is smoking, but it is also the
risk factor for AAA. But if a patient has both conditions
together, he has a relatively lower risk of rupture than a patient
who has only an AAA without COPD. In our set the patients
with COPD had the maximal diameter of their ruptured AAA
signiﬁcantly bigger, than was the diameter of patients without
COPD (p = 0.047). When we consider hypertension as another
risk factor for AAA development, it is obvious that a higher
blood pressure leads to a higher risk of rupture, because the
tension of AAA wall is higher as well. This statement was
conﬁrmed, because 38 out of 41 patients in our set had a
hypertension (p < 0.0001). Unfortunately recent measure-
ments of patients' blood pressure before the rupture are not
available. So we cannot say with certainty if their blood
pressure was really very high just before the rupture. What is
certain is the recommendation to carefully treat a high blood
pressure patients with AAA to lower the risk of rupture [2]. The
role of diabetes in relation to AAA is controversial even in the
literature, and we found diabetes as a risk factor of rupture in
comparison with the study of Powell et al. [11] ( p < 0.0001), but
this was not conﬁrmed in comparison with the study of Kent
et al. [12] (p = 0.103). The real role of this disease needs to be
evaluated by a further research.
If there would be available an ultrasound screening
program for the risk group in the population (man, age over
65 years, smoker, with hypertension) [13], most likely we
would be able to ﬁnd a large number of patients with
asymptomatic AAA endangered by a high risk of rupture.Fig. 3 – Creation of 3D model of AAA with color coded wall rupt
largest diameter. Sagittal slice of AAA. 3D reconstruction of AAA
(all rights go to Vascops GmbH, Graz, Austria).After implementing such a screening there would also arise a
large number of patients with a diameter of AAA about the
threshold for elective repair and we would be facing a question
if to continue in dispensarization or to perform an open or
endovascular repair of such an AAA. Since every open AAA
repair poses a considerable risk for a patient and should not be
taken lightly, we should not generally indicate patients for
repair of AAA and we should consider the risk vs. beneﬁt of
repair in every case when moreover we know that many large
AAA never rupture before the patient's death by another
cause.
In such cases the new methods of prediction of AAA
rupture would be of great use. These methods of mathematical
modeling of AAA wall stress are being tested in some centers
and they are a subject of intensive research [18,19]. Not only
patients with small or borderline AAA could beneﬁt from this
new approach, but also patients with large AAA, which would
be normally indicated for repair, but with so many serious
complications that the risks of repair could be even bigger than
the risk of rupture.
In the last few years the physicians of our center have
cooperated with engineers from the Faculty of Mechanical
Engineering of Brno University of Technology in creating and
giving precision to such mathematical models for AAA rupture
prediction and we hope in the future we will be able to
implement them into the diagnostic process.
Clinical case report – In cooperation with the company
Vascops GmbH (Graz, Austria) we performed the pioneer
analysis of one of our risk patients dispensarized with AAA
(76-year-old man, smoker). The maximal diameter of this AAA
was 54 mm. The basic outcomes of the modeling were three
values: Peak Wall Stress (PWS) is a maximum mechanical
stress in the wall of an AAA, Peak Wall Rupture Risk (PWRR) is a
maximum rupture risk index of the wall of an AAA and ﬁnally
Rupture Risk Equivalent Diameter (RRED) represents a maxi-
mum diameter of an AAA in the average patient that has the
same biomechanical risk of rupture (all data used with the
agreement of Vascops GmbH) [20]. Besides the numerical data
we have also a 3D model of tested AAA with color coded
distribution of the wall rupture risk index. This 3D model canure risk index. From the left – transversal CT image in the
 with color coded distribution of the wall rupture risk index
Fig. 4 – AAA wall rupture risk assessment. Graphical
presentation of wall rupture risk index, an arrow shows
the derived value of Rupture Risk Equivalent Diameter (all
rights go to Vascops GmbH, Graz, Austria).
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us to identify the spots of high wall stress, what means the
spots with a high risk of rupture (Fig. 3). The easiest parameter
to be understood by physicians without deeper mechanical
knowledge and used in clinical practise is RRED. The AAA in
our case was 54 mm in max. diameter, but its RRED was only
45.6 mm, which means that the stress of tested AAA was not
high and the risk of rupture of the tested AAA was the same as
a risk of rupture of an AAA 1 cm smaller in diameter (Fig. 4). In
this case the result of the analysis supported continuing in
dispensarization rather than performing an open repair or
endovascular repair (which was not indicated because of
morphology of AAA and pelvic arteries), because the wall
stress of this borderline AAA is lower than its diameter could
suggest. The computer wall stress analysis showed us that the
risk of rupture in this case is lower than what could be the risk
of open repair and thus it gave the patient more time of
dispensarization in a relatively high safety situation. If this
method was implemented in an everyday centralized practice
it could help us to decide these borderline cases or the cases of
very-high risk patients with big AAA (in cases where an
endovascular intervention would not be possible).
Conclusion
Our ﬁnding shows us the shortages of the present indication
criteria based only on an AAA diameter. In accordance to this
criterion patients with known small AAA are dispensarized
and thus a signiﬁcant part of them are at risk of rupture.
Creation of ultrasound screening program would help us to
search in the risk groups of patient for those with an
asymptomatic AAA. If we would identify a patient with a
small or borderline AAA there would by a question if there
could be a high risk of rupture or if it is safe to dispensarize this
patient. Our next goal is to push the computer wall stress
analysis from an experimental method to the position of a
helpful diagnostic tool, which could help us to decide in such
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